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(57) ABSTRACT

A method for preparing an ultra-long-tube type fine-grain
molybdenum tube target uses molybdenum powder with the
purity being greater than 3N to prepare a target tube with a
uniform wall thickness, where the length 1s 1700-2700 mm:;
the diameter 1s greater than 150 mm; and the wall thickness
1s 15-40 mm. The method includes: taking molybdenum
powder, feeding the molybdenum powder nto a film, mold-
ing by static pressing, placing in a medium Irequency
furnace, performing hydrogen sintering to form a tube blank,
placing mto a mold, forging the mold of a tube target,
placing into tempering furnace, annealing, forming fine-
grain structures, fine processing, washing, and drying to
prepare a molybdenum tube target. The method overcomes
defects of a sintering process and a forging process, and
relates to simple processes, easy industrial production and
control, reduced pollution, reduced cost, improved quality,
and remarkably improved production efliciency.

3 Claims, 1 Drawing Sheet
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METHOD FOR PREPARING
ULTRA-LONG-TUBE TYPE FINE-GRAIN
MOLYBDENUM TUBE TARGET

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a national application of PCT/
CN2014/080307. The contents of PCT/CN2014/080307 are
all hereby incorporated by reference.

BACKGROUND

Technical Field

The present invention relates to a sputtering tube target
used for coating a substrate of a photovoltaic element, and
in particular, to a method for preparing an ultra-long-tube
type fine-grain molybdenum tube target made of pure
molybdenum powder.

Related Art

Currently, sputtering tube targets at home and abroad for
coating a substrate of a photovoltaic element are mainly
made of a tungsten material, where the product specifica-
tions thereof are all small tube targets, the lengths are all less
than 1700 mm, and the wall thicknesses are all greater than
40 mm. The compactness of a tungsten spin-coated sputter-
ing tube target 1s relatively small during a sputtering coating
process. Therefore, when bombardment 1s performed on a
sputtering target, air in pores inside the target 1s released
suddenly, causing the spattering of large-sized target par-
ticles or microparticles, or when secondary electron bom-
bardment 1s performed on a film after the film 1s formed, the
spattering ol microparticles 1s caused. In addition, during the
sputtering, target atoms would be easily preferentially sput-
tered out along the most compact arrangement direction of
s1x directions of the atoms. Defects of physical properties of
the material of a tungsten product directly aflect a service
performance of a coated film.

In order to change and overcome the defects and realize
the maximum sputtering rate, a general practice 1s changing,
crystal structures of a target to increase the sputtering rate.
In order to reduce air pores 1n a solid target and improve
performances of a film, some practices adopt increasing the
thickness of the target to improve the quality of the coated
f1lm.

At abroad, 1n order to improve the quality and eflect of a
tube target 1n coating a substrate of a photovoltaic element,
a molding process ol extruding or drawing 1s usually
adopted. In order to overcome defects of the extruding or
drawing process, an over-sintering process and a forging
molding process are adopted, including steps of: high-
temperature sintering-decreasing the temperature-increasing,
the temperature again and then forging-low-temperature
annealing-fine processing. For example, i the technical
solution of CN patent application 201110242640X, when
molding 1s performed on a tungsten material, after high-
temperature sintering, a water circulation temperature
decreasing treatment needs to be adopted. Moreover, for
example, 1n two technical solutions of CN patent application
2012100007317 and CN patent application
201210000729X, when a molybdenum material 1s pro-
cessed, both of the two technical solutions adopt a process
that needs a water circulation temperature decreasing treat-
ment after high-temperature sintering. Although the process-
ing methods of the process are helpful 1n increasing the
compactness of a material, the processing methods of the
process cannot form fine-grain structures.
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Besides, there 1s another substantial defect in the prior art,
that 1s, during a forging process, directly forging the surface
of a tube blank 1s adopted, and the deformation amount of
the material during the forging 1s uncontrollable. Therefore,
the forging method substantially afiects the formation and
quality of fine-grain structures.

Moreover, 1n the prior art, the temperatures for annealing
all adopt low temperatures, and the temperatures for anneal-
ing are all in the range of 450-500° C. The temperature for
annealing 1s too low, and therefore, the formation of fine-
grain structures ol a product i1s substantially destroyed and
the quality of the product 1s affected.

The processes of the prior art are complex, which causes
relatively poor quality, increased cost, poor tube target
compactness, and large grain size. As a result, when a film
1s coated, the uniformity and the layout quality of the film
are substantially reduced, thereby failing to meet impedance
ratio and {ilm stress requirements ol a material for a solar
photovoltaic product.

SUMMARY

The purpose of the present disclosure 1s to overcome the
shortcomings of the aforementioned technical problems. A
tube target 1s made of a molybdenum material instead of a
tungsten material. The process 1s changed, so as to enable
molybdenum powder to form fine-grain structures during a
sintering process and a forging process, thereby improving
the quality of the tube target and reducing the production
cost. The prepared tube target 1s of an increased length (the
length 1s 1700-2700 mm), an increased diameter (the diam-
cter 1s greater than 150 mm), and a decreased wall thickness
(the wall thickness 1s 15-40 mm), and using the product can
substantially improve the efliciency of coating a substrate of
a photovoltaic element and ensure the service life of the
product.

In order to overcome the shortcomings of the aforemen-
tioned technical problems, the present disclosure adopts the
following technical solution: a method for preparing an
ultra-long-tube type fine-grain molybdenum tube target uses
molybdenum powder with the purity being greater than 3N
to prepare a target tube with a uniform wall thickness, where
the length 1s 1700-2700 mm; the diameter 1s greater than 150
mm; and the wall thickness 1s 15-40 mm. The preparation
method 1ncludes:

(1) taking molybdenum powder having a granularity of
2.8-3.8 mm, feeding the molybdenum powder mto a film
prepared 1n advance, molding by static pressing under
160-200 Mpa, placing in a medium frequency furnace,
sintering for 55-65 h under hydrogen protection at 1900-
2000° C., sintering to form a tube blank, keeping the
temperature, and reserving for use;

(2) taking the sintered tube blank from the medium
frequency furnace, placing in a mold prepared in advance,
controlling the temperature of the tube blank to be 1350° C.,
forging the mold of a tube target, controlling the deformation
amount of the tube blank to be less than 50% during the
forging, and forging to form a tube target with the length
being 1700-2700 mm, the diameter being greater than 150
mm, and the wall thickness being 15-40 mm;

(3) taking the tube target formed by forging, placing in a
tempering furnace of 1000-1200° C., annealing for 1-3 h,
and stabilizing formed fine-grain structures; and

(4) performing fine processing on the tube target, then
washing, and drying to prepare the fine-grain molybdenum
tube target.
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In order to obtain an ultra-long-tube type fine-grain tube
target made of molybdenum 1instead of tungsten, the keys of
the present disclosure lie 1n overcoming the defect caused by
using water to perform a temperature decreasing treatment
alter high-temperature sintering, overcoming the defect of
directly forging the surface of a tube blank during the
forging and failing to control the deformation amount of the
forging, overcoming the defect caused by low-temperature
annealing, and changing the low-temperature annealing to
high-temperature annealing, so as to form fine-grain struc-
tures for the tube target, improve the quality, reduce the
process steps, and reduce the cost.

In the method for preparing an ultra-long-tube type fine-
grain molybdenum tube target of the present disclosure, the
sintering may be vacuum sintering, and the method for
controlling the temperature of the vacuum sintering is:
gradually increasing the temperature from 0° C. to 2000° C.

In the method for preparing an ultra-long-tube type fine-
grain molybdenum tube target of the present disclosure, the
purity ol the molybdenum powder 1s greater than 99.95%.

In the present disclosure, the tube target 1s made of a
molybdenum material. The properties of molybdenum are
very similar to the properties of tungsten. However, the
floating point and conductive property of molybdenum are
outstanding and the coeflicient of linear thermal expansion
1s small, and therefore, the processing of molybdenum 1is
casier than the processing of tungsten. The thermal conduc-
tivity [135 W/(m-K)] and the specific heat [0.276 KIJ(Kg-K)]
of molybdenum 1indicate an optimal matching; the melting
point 1s 2620° C.; the strength and density of molybdenum
are greater than those of tungsten; molybdenum still has
high strength at 1200° C.; and molybdenum has the capacity
twice as the capacity of tungsten.

Under the temperature and pressure of a working vacuum
furnace, molybdenum has a very low vapor pressure. There-
fore, molybdenum has mimimum pollution to the working or
working substances in the furnace, and the evaporation loss
would not restrict the service life of high-temperature
molybdenum parts such as a heating element and a thermal
insulation package.

In the present disclosure, during the process of using a
molybdenum spin-coated sputtering tube target for sputter-
ing coating, the tube target 1s of fine-grain structures and of
good compactness, and therefore, when bombardment 1is
performed on the sputtering target, the following defect of
adopting a tungsten tube target 1s overcome: the phenom-
enon of reduced film quality caused by the spattering of
large-sized target particles or microparticles that 1s caused
by sudden release of air 1n pores inside the target, or the
spattering of microparticles that 1s caused when secondary
clectron bombardment i1s performed on a film after the film
1s formed.

Upon experiments, 1t 1s proved that during the sputtering,
target atoms would be easily preferentially sputtered out
along the most compact arrangement direction of si1x direc-
tions of the atoms. In order to achieve the maximum
sputtering rate, people usually adopt methods for increasing
the sputtering rate to realize effects. One of the means
adopted 1n the present disclosure 1s changing coarse-grain
structures to fine-grain structures, so as to increase the
sputtering rate (the crystallization direction of a target also
has a relatively substantial eflect on the uniformity of
thickness of a sputtered film layer). Therefore, obtaining a
target structure of a certain crystallization orientation 1s vital
to a sputtering process of a film. In addition, the present
disclosure uses molybdenum powder with the purity being
greater than 3N, and the prepared tube target 1s of an
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increased length (the length 1s 1700-2700 mm), an increased
diameter (the diameter 1s greater than 150 mm), and a
decreased wall thickness (the wall thickness 1s 15-40 mm),
and using the product can substantially improve the etl-
ciency of coating a substrate of a photovoltaic element and
ensure the service life of the product.

With the present disclosure, impedance ratio and film
stress requirements of a material for a solar photovoltaic
product are met, and grains of molybdenum are enabled to
form fine-grain structures during forging processing, thereby
remarkably improving the uniformity and layout quality of
a film of a glass substrate 1n the LED 1ndustry and prolong-
ing the service life of a liquid crystal display element.

In the present disclosure, on the basis of the feature of the
high strength of molybdenum powder, a mold 1s adopted to
prepare a hollow powder molybdenum tube blank from
molybdenum power, thereby changing the molding process
of extruding or drawing at abroad.

In the present disclosure, when a molded blank 1s sintered,
a temperature decreasing process 1s cancelled (particularly a
water circulation temperature decreasing process). Upon
study, 1t 1s discovered that a temperature decreasing process
can destroy the formation of fine-grain structures of a
material. Directly forging after high-temperature sintering,
can keep the formation of fine-grain structures, and the
eflects produced by the process are unpredictable 1n
advance.

In the present disclosure, a forging process 1s changed.
Prior forging relates to directly forging the surface of a tube
target and has the defects of un-uniform forging, an uncon-
trollable deformation amount, poor product quality, a low
qualified rate, and easy destroy of crystals of the tube target.
The present disclosure places a tube blank into a mold and
directly forges the mold, so as to eflectively control the
deformation amount of a tube target (the deformation
amount of the present disclosure 1s controlled to be less than
50%), thereby avoiding the destroy of fine-grain structures,
remarkably improving product performances, and realizing
a qualified rate of 100%.

In the present disclosure, an annealing process 1s changed.
The prior annealing adopts low-temperature (450-500° C.).
Upon study, 1t 1s discovered that low-temperature annealing
substantially destroys fine-grain structures of molybdenum
and fails to ensure the product quality. The annealing
temperature of the present disclosure adopts 1000-1200° C.,
which remarkably improves the formation and stability of
fine-grain structures, and remarkably improves the quality
and life of products. The effects of the process are unpre-
dictable 1n advance.

The molybdenum tube target of the present disclosure, as
compared with the tungsten tube target, has higher strength
and density. When the product 1s used for LED coating, the
uniformity and layout quality of a film can be improved for
two or more times.

Beneficial Effects of the Present Disclosure:

First, the present disclosure overcomes the defect that it 1s
unable to use a pure molybdenum material to prepare a tube
target (in the prior art, a metal molybdenum alloy or a
synthesized molybdenum material 1s usually adopted),
makes a great change in material selection, uses a molyb-
denum material instead of a tungsten material to prepare the
tube target, and combines with the change of processes,
thereby enabling the tube target to be a molybdenum tube
target with fine-grain structures and improving the quality of
the tube target.

Second, the present disclosure overcomes the defect that
in the prior art, only a tube target with the length being less
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than 1700 mm can be produced, increases the length of a
tube target to 1700-2700 mm, increases the diameter to be
greater than 150 mm, and decreases the wall thickness to be
15-40 mm, and the usage of the product can remarkably
improve the efliciency of coating a substrate of a photovol-
taic element.

Third, the present disclosure overcomes the defect of the
difficulties of sintering, solves the prior problem that using
water circulation to decrease temperature 1s needed after
sintering, omits a temperature decreasing process 1n a high-
temperature sintering process, and adopts directly forging
aiter the high-temperature sintering, which 1s beneficial to
the increase of the compactness of a material and the
formation of fine-grain structures.

Fourth, the present disclosure overcomes the defects of
poor compactness of a forging process and un-uniformity of
the forging, and changes direct forging the surface of a tube
blank during a forging process in the prior art to a process
of feeding a tube blank mto a mold and forging the mold,
thereby eflectively controlling the deformation amount of
the forging to be less than 50%, eflectively accelerating the
formation of fine-grain structures, and improving the quality.

Fifth, the present disclosure overcomes the defects of
un-uniformity of annealing after forging molding and a
stress change caused by low-temperature annealing, changes
prior low-temperature annealing (450-300° C.) to high-
temperature annealing (1000-1300° C.), thereby remarkably
ensuring the properties of a material under an annealing
condition and eflectively stabilizing the high strength and
density of the maternial at 1200° C. After fine-grain structures
are formed, 1t 1s ensured that molybdenum has a very low
vapor pressure under the temperature and pressure of a
working vacuum furnace. Therefore, molybdenum has mini-
mum pollution to the working or working substances in the
furnace, and the evaporation loss would not restrict the
service life of high-temperature molybdenum parts such as
a heating element and a thermal msulation package.

Sixth, the present disclosure relates to simple processes,
casy 1ndustrial production and control, and reduced pollu-
tion.

Seventh, the present disclosure reduces the production
cost, improves the quality, and remarkably improves the
production efliciency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a product prepared
according to the present disclosure.

FIG. 2 1s a structural cutaway diagram of the present
disclosure.

DETAILED DESCRIPTION

A method for preparing an ultra-long-tube type fine-grain
molybdenum tube target uses molybdenum powder with the
purity being greater than 3N to prepare a target tube with a
uniform wall thickness, where the length 1s 1700-2700 mm:;
the diameter 1s greater than 150 mm; and the wall thickness
1s 15-40 mm. The preparation method includes:

(1) taking molybdenum powder having a granularity of
2.8-3.8 mm, feeding the molybdenum powder mto a film
prepared 1n advance, molding by static pressing under
160-200 Mpa, placing in a medium frequency furnace,
sintering for 55-65 h under hydrogen protection at 1900-
2000° C., sintering to form a tube blank, keeping the
temperature, and reserving for use;

10

15

20

25

30

35

40

45

50

55

60

65

6

(2) taking the sintered tube blank from the medium
frequency furnace, placing into a mold prepared 1n advance,
controlling the temperature of the tube blank to be 1350° C.,
forging the mold of a tube target, controlling the deformation
amount of the tube blank to be less than 50% during the
forging, and forging to form a tube target with the length
being 1700-2700 mm, the diameter being greater than 150
mm, and the wall thickness being 15-40 mm:;

(3) taking the tube target formed by forging, placing in a
tempering furnace of 1000-1200° C., annealing for 1-3 h,
and stabilizing formed fine-grain structures; and

(4) performing fine processing on the tube target, then
washing, and drying to prepare the fine-grain molybdenum
tube target.

In the method for preparing an ultra-long-tube type fine-
grain molybdenum tube target of the present disclosure, the
sintering may be vacuum sintering, and the method for
controlling the temperature of the vacuum sintering is:
gradually increasing the temperature from 0° C. to 2000° C.

In the method for preparing an ultra-long-tube type fine-
grain molybdenum tube target of the present disclosure, the
purity of the molybdenum powder 1s greater than 99.95%.

Embodiment 1

A method for preparing an ultra-long-tube type fine-grain
molybdenum tube target uses molybdenum powder with the
purity being greater than 3N to prepare a target tube with a
uniform wall thickness, where the length 1s 1700 mm; the
diameter 1s greater than 150 mm; and the wall thickness 1s
15 mm. The preparation method includes:

(1) taking molybdenum powder having a granularity of
2.8-3.8 mm, feeding the molybdenum powder mto a film
prepared 1n advance, molding by static pressing under 160
Mpa, placing 1n a medium frequency furnace, sintering for
65 h under hydrogen protection at 1900° C., sintering to
form a tube blank, keeping the temperature, and reserving
for use;

(2) taking the sintered tube blank from the medium
frequency furnace, placing into a mold prepared 1n advance,
controlling the temperature of the tube blank to be 1350° C.,
forging the mold of a tube target, controlling the deformation
amount of the tube blank to be less than 50% during the
forging, and forging to form a tube target with the length
being 1700 mm, the diameter being greater than 150 mm,
and the wall thickness being 15 mm:;

(3) taking the tube target formed by forging, placing in a
tempering furnace of 1000° C., annealing for 3 h, and
stabilizing formed fine-grain structures; and

(4) performing fine processing on the tube target, then
washing, and drving to prepare the fine-grain molybdenum
tube target.

Embodiment 2

A method for preparing an ultra-long-tube type fine-grain
molybdenum tube target uses molybdenum powder with the
purity being greater than 3N to prepare a target tube with a
uniform wall thickness, where the length 1s 2000 mm; the
diameter 1s greater than 150 mm; and the wall thickness 1s
25 mm. The preparation method includes:

(1) taking molybdenum powder having a granularity of
2.8-3.8 mm, feeding the molybdenum powder mto a film
prepared in advance, molding by static pressing under 180
Mpa, placing 1n a medium frequency furnace, sintering for
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60 h under hydrogen protection at 1950° C., sintering to
form a tube blank, keeping the temperature, and reserving
for use;

(2) taking the sintered tube blank from the medium
frequency furnace, placing into a mold prepared 1n advance,
controlling the temperature of the tube blank to be 13350° C.,
forging the mold of a tube target, controlling the deformation
amount of the tube blank to be less than 50% during the
forging, and forging to form a tube target with the length
being 2000 mm, the diameter being greater than 150 mm,
and the wall thickness being 25 mm:;

(3) taking the tube target formed by forging, placing 1n a
tempering furnace of 1100° C., annealing for 2 h, and
stabilizing formed fine-grain structures; and

(4) performing fine processing on the tube target, then
washing, and dryving to prepare the fine-grain molybdenum
tube target.

Embodiment 3

A method for preparing an ultra-long-tube type fine-grain
molybdenum tube target uses molybdenum powder with the
purity being greater than 3N to prepare a target tube with a
uniform wall thickness, where the length 1s 2700 mm; the
diameter 1s greater than 150 mm; and the wall thickness 1s
40 mm. The preparation method includes:

(1) taking molybdenum powder having a granularity of
2.8-3.8 mm, feeding the molybdenum powder mto a film
prepared in advance, molding by static pressing under 200
Mpa, placing in a medium frequency furnace, sintering for
55 h under hydrogen protection at 2000° C., sintering to
form a tube blank, keeping the temperature, and reserving
for use;

(2) taking the sintered tube blank from the medium
frequency furnace, placing into a mold prepared 1n advance,
controlling the temperature of the tube blank to be 13350° C.,
forging the mold of a tube target, controlling the deformation
amount of the tube blank to be less than 50% during the
forging, and forging to form a tube target with the length
being 2700 mm, the diameter being greater than 150 mm,
and the wall thickness being 40 mm:;

(3) taking the tube target formed by forging, placing 1n a
tempering furnace of 1200° C., annealing for 1 h, and
stabilizing formed fine-grain structures; and

(4) performing fine processing on the tube target, then
washing, and drving to prepare the fine-grain molybdenum
tube target.
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What 1s claimed 1s:

1. A method for preparing an ultra-long-tube type fine-
grain molybdenum tube target, wherein the length of the
ultra-long-tube type fine-grain molybdenum tube target 1s
1'700-2700 mm; the diameter of the ultra-long-tube type
fine-grain molybdenum tube target 1s greater than 150 mm;
and a wall thickness of the ultra-long-tube type fine-grain
molybdenum tube target 1s 15-40 mm; the method uses
molybdenum powder with the purity being greater than 3N

to prepare the tube target, wherein the wall thickness of the
tube target 1s uniform, comprising:

(1) taking molybdenum powder having a granularity of
2.8-3.8 mm, feeding the molybdenum powder into a
film prepared in advance, molding by static pressing
under 160-200 Mpa, placing the molybdenum powder
in a medium frequency furnace, sintering for 55-65 h
under hydrogen protection at 1900-2000° C., sintering
to form a tube blank, keeping the temperature, and
reserving for use;

(2) taking the sintered tube blank from the medium
frequency furnace, placing mnto a mold prepared in
advance, controlling the temperature of the tube blank
to be 1350° C., forging the mold of the tube target,
controlling the deformation amount of the tube blank to
be less than 50% during the forging, and forging to
form the tube target with the length being 1700-2700
mm, the diameter being greater than 150 mm, and the
wall thickness being 15-40 mm;

(3) taking the tube target formed by forging, placing in a
tempering furnace of 1000-1200° C., annealing for 1-3
h, and stabilizing fine-grain structures; and

(4) pertforming fine processing on the tube target, wash-
ing, and drying to prepare the fine-grain molybdenum
tube target.

2. The method for preparing an ultra-long-tube type
fine-grain molybdenum tube target according to claim 1,
wherein the sintering 1s vacuum sintering, and the tempera-
ture 1s 1ncreased from 0° C. to 2000° C. during the vacuum
sintering.

3. The method for preparing an ultra-long-tube type
fine-grain molybdenum tube target according to claim 1,
wherein the purity of molybdenum powder 1s greater than

99.95%.
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